Background-There are few effective treatments for advanced urothelial carcinoma after progression following platinum-based chemotherapy. We assessed the activity and safety of nivolumab in patients with locally advanced or metastatic urothelial carcinoma who progressed after prior platinum-based therapy.
Introduction
Nearly three decades have elapsed since the first paradigm-shifting therapies were developed for the treatment of patients with metastatic urothelial carcinoma. The combination regimen methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC) has never been surpassed in terms of response and survival. 1 In 2000, gemcitabine plus cisplatin was recommended as a less toxic alternative, although 37% of patients could not tolerate treatment on the published schedule. 2 Decades of research followed exploring cytotoxic frontline chemotherapies, 3 but none were able to surpass the therapeutic plateau achieved with MVAC. Notably, approximately 25-50% of patients with metastatic urothelial carcinoma are unable to receive cisplatin-based therapy. 4 Nonetheless, platinum-based combination chemotherapy remains the front-line standard of care for patients with metastatic urothelial carcinoma. 4 In the second-line setting, many agents have been tested but have failed to be established as standard of care due to dismal response rates (10% or less). The most intensively studied, vinflunine plus best supportive care, did not significantly improve overall survival (OS; hazard ratio 0·9; 95% CI 0·7-1·1, intent-to-treat population) in a phase 3 trial when compared with best supportive care, although an increase in median OS of 2·6 months was observed with vinflunine in a subsequent analysis of the eligible population (hazard ratio 0·8; 95% CI 0·6-1·0; p=0·0227). 5 Immune checkpoint therapy, consisting of blockade of immune inhibitory pathways, has recently led to considerable advances in the treatment of cancer. The potential for this approach in the treatment of urothelial carcinoma is suggested by the effectiveness of immunotherapy with bacillus Calmette-Guérin (BCG); administered intravesically, BCG induces an immune response against tumour cells and is indicated as adjuvant therapy after surgical resection in high-grade non-muscle-invasive urothelial carcinoma. 6 The immune checkpoint inhibitor ipilimumab, which blocks the cytotoxic lymphocyte antigen-4 receptor, has also shown enhanced immune responses and tumour regression in early studies of patients with localised urothelial carcinoma. 7, 8 A promising target for immunotherapy is the programmed death-1 (PD-1) and programmed death ligand-1 (PD-L1) immune checkpoint. PD-1 is expressed on T cells and can inhibit Tcell responses on interaction with its ligands, PD-L1 and PD-L2; high levels of PD-L1 expression have been found in bladder tumour cells. 9, 10 A clinical trial with atezolizumab, an antibody that blocks PD-L1, reported response rates of 15% in patients with metastatic or surgically unresectable urothelial carcinoma who were previously treated with platinumbased chemotherapy, 11 leading to US Food and Drug Administration approval for the treatment of patients with locally advanced or metastatic urothelial carcinoma who have disease progression during or following platinum-containing chemotherapy or disease progression within 12 months of neoadjuvant or adjuvant treatment with platinumcontaining chemotherapy.
Treatment with nivolumab, a fully human monoclonal IgG4 antibody that blocks PD-1, rather than blockade of a single ligand, has proven fruitful in multiple solid tumours. Nivolumab has shown improved OS in melanoma, non-small-cell lung cancer, renal cell carcinoma, and head and neck cancer, and studies have shown promising clinical activity in multiple additional malignancies including Hodgkin's lymphoma and microsatellite-unstable colorectal cancer. [12] [13] [14] [15] [16] [17] [18] Nivolumab has recently been investigated in an ongoing multicentre, open-label, phase 1/2 clinical study of several advanced or metastatic solid tumour types (CheckMate 032). 19, 20 Here, we report the efficacy and safety of nivolumab monotherapy in a cohort of patients from this study with locally advanced or metastatic urothelial carcinoma (unselected for PD-L1 expression) who were previously treated with platinum-based therapy. Outcomes in patients treated with nivolumab in combination with ipilimumab will be reported separately.
Methods

Study design and participants
CheckMate 032 is a multicentre, open-label, two-stage, multi-arm, phase 1/2 study. Patients with histologically or cytologically confirmed carcinoma of the renal pelvis, ureter, bladder, or urethra were enrolled at 16 sites in five countries (Finland, Germany, Spain, UK, and USA).
Eligible patients had locally advanced or metastatic urothelial carcinoma and were unselected based on tumour PD-L1 expression level. They had progressive disease after ≥1 prior platinum-based therapy for metastatic disease or locally advanced unresectable disease, or recurrence within 1 year of completing prior platinum-based neo-adjuvant or adjuvant therapy, or had previously refused standard treatment with chemotherapy for the treatment of metastatic (stage IV) or locally advanced unresectable disease. Patients were aged ≥18 years, with an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1. They had measurable disease by CT or MRI (per Response Evaluation Criteria in Solid Tumors [RECIST] v1.1). 21 Baseline laboratory tests required to assess eligibility included white blood cell counts, neutrophils, platelets, haemoglobin, serum creatinine, alanine aminotransferase, aspartate amino transferase, total bilirubin, albumin, lipase, and amylase. Key exclusion criteria included active brain or leptomeningeal metastases; any serious or uncontrolled medical disorder; history of or active, known, or suspected autoimmune disease (vitiligo, type I diabetes mellitus, residual hypothyroidism due to autoimmune thyroiditis, and conditions not expected to recur in the absence of an external trigger were permitted); need for immunosuppressive doses of systemic corticosteroids (>10 mg/day prednisolone equivalents) for at least 2 weeks before study drug administration; and prior therapy with experimental antitumour vaccines or any modulator of T-cell function or checkpoint pathway. Median survival for patients with relapsed advanced transitional cell carcinoma of the urothelium has been reported as approximately 4·6-6·9 months. 5 The study was approved by the institutional review board/independent ethics committee for each centre and conducted in accordance with Good Clinical Practice guidelines defined by the International Conference on Harmonisation. All patients provided written informed consent to participate based on the principles of the Declaration of Helsinki.
Procedures
Patients with metastatic urothelial carcinoma were enrolled using an interactive voice response system to receive nivolumab 3 mg/kg intravenously every 2 weeks until progression or unacceptable toxicity, whichever occurred later. Patients in the nivolumab monotherapy arm could switch to nivolumab combined with ipilimumab (nivolumab 1 mg/kg + ipilimumab 3 mg/kg; or nivolumab 3 mg/kg + ipilimumab 1 mg/kg intravenously every 3 weeks for four cycles) after progression if they met prespecified criteria (see appendix p4). Treatment beyond RECIST (version 1.1)-defined progression was permitted if nivolumab was tolerated and clinical benefit was noted, based on investigator assessment (see appendix p4). No dose reductions or modifications were permitted. Criteria for dose delay (until resolution of the treatment-related adverse event to grade 1 or lower) have been described previously. 19 Tumour assessments (CT and/or MRI) were performed at baseline (within 28 days before the first dose of study medication), every 6 weeks (±1 week) until week 24, and every 12 weeks (±1week) thereafter until disease progression (investigator-assessed per RECIST version 1.1). If study treatment was discontinued for reasons other than disease progression, tumour assessments were continued. Laboratory assessments were performed within 72 hours before dose through week 24, and every alternate dose thereafter. Safety assessments were performed continuously in all treated patients, and adverse events and laboratory values were graded according to the National Cancer Institute's Common Terminology Criteria for Adverse Events, version 4.0. As described previously, 19 assessment of tumour PD-L1 protein expression was performed retrospectively by Dako PD-L1 immunohistochemical 28-8 pharmDx kit in pretreatment tumour biopsy specimens, fresh or archived within 3 months prior to treatment start. Multiple pretreatment specimens may have been tested for PD-L1 expression and used to define PD-L1 status. Tumour PD-L1 expression was categorised as positive when staining of tumour-cell membrane (at any intensity) was observed in ≥1% or ≥5% of tumour cells in a section that included ≥100 evaluable tumour cells in any sample (not necessarily the sample collected most proximal to study drug treatment). PD-L1 expression thresholds were chosen based on prior studies in other tumour types. [13] [14] [15] 17 
Outcomes
The prespecified primary endpoint of the study was the proportion of patients with an investigator-assessed objective response (confirmed objective response rate [ORR] in the overall study population, defined as the number of patients with complete or partial response as best overall response per RECIST version 1.1 divided by the number of treated patients) based on tumour assessments at the time points described above. For a complete or partial response to be considered as a best overall response, the assessment needed to be confirmed by a second scan no less than 4 weeks after the criteria for response was first met. Tumour response was also reported in the response-evaluable population (those with best overall response in at least one target lesion identified at baseline and during at least one on-study timepoint with target lesion assessment). Secondary endpoints were safety (incidence of treatment-related adverse events leading to drug discontinuation within the first 12 weeks of treatment), duration of response (time from partial or complete response until progressive disease or death due to any cause), progression-free survival (PFS; time from treatment assignment to the date of the first documented tumour progression or death due to any cause, whichever occurred first), and OS (time between the date of treatment assignment and the date of death due to any cause).
Exploratory endpoints included response by PD-L1 expression (ORR, OS, and PFS) and response (best overall response, duration of response, and time to response) by prognostic factors (including ECOG performance status, liver metastases, visceral involvement [defined as liver, lung, bone, or any non-lymph node], lymph nodes only, and haemoglobin <10 g/ dL).
Non-conventional benefiters were also identified. These patients were defined as those who did not experience a best overall response of partial response or complete response prior to initial RECIST v1.1-defined progression, and met at least one of the following criteria: appearance of a new lesion followed by decrease from baseline of ≥10% in the sum of the target lesions; initial increase from nadir ≥20% in the sum of the target lesions followed by reduction from baseline of ≥30%; and initial increase from nadir ≥20% in the sum of the target lesions followed by at least two tumour assessments showing no further progression, defined as a 10% additional increase in the sum of target lesions and new lesions.
Statistical analyses
Patient enrolment followed a one-stage design, with a total sample size of 60-100 patients required to evaluate whether nivolumab resulted in an ORR of clinical interest; an ORR ≤10% was considered not to be of clinical value and an ORR ≥25% was considered of strong clinical interest. The sample size provided 90-97% power to reject the null hypothesis of 10% response rate if the true response rate was 25%, with a two-sided type 1 error rate of 5%. ORR was summarised by a binomial response rate and corresponding twosided 95% exact CI using the method proposed by Atkinson and Brown. 22 Duration of response was summarised for patients who achieved confirmed partial response or complete response using the Kaplan-Meier product-limit method, with median value and two-sided 95% CI. PFS and OS were summarised descriptively using Kaplan-Meier methodology, and median values estimated with two-sided 95% CIs using the Brookmeyer and Crowley method. 23 To assess the potential effect of switching to combination therapy on OS, an ad hoc sensitivity analysis of OS was conducted excluding patients who switched to combination therapy. PFS and OS rates at 1 year were also estimated, with associated twosided CIs calculated using the Greenwood formula. Response by PD-L1 expression was summarised with exact 95% CIs using the Clopper-Pearson method. 24 Post-hoc analyses of response according to prognostic risk factors were also undertaken. Primary and secondary efficacy analyses included all patients who were treated with nivolumab monotherapy. Safety analyses included all patients who were enrolled at least 90 days prior to database lock.
We used SAS version 9.02 for all analyses. CheckMate 032 is registered with ClinicalTrials.gov, number NCT01928394.
Role of the funding source
The funder provided the study drug and worked with the investigators to design the study, and to collect, analyse, and interpret the data. All drafts of the report were prepared by the corresponding author with input from all co-authors and editorial assistance from professional medical writers, funded by the sponsor. Raw data were made accessible to the authors and professional medical writers. All authors made the decision to submit the report for publication.
Results
Between June 2014 and April 2015, 86 patients with metastatic urothelial carcinoma were enrolled in the nivolumab monotherapy arm and 78 were treated with nivolumab monotherapy (3 mg/kg intravenously once every 2 weeks). At the time of analysis, 60 (76·9%) of 78 patients had discontinued therapy, primarily due to disease progression (n=50; 64·1%; figure 1), and of these, 53 (67·9%) were continuing to be followed. At data cutoff (March 24, 2016), minimum follow-up was 9 months, and patients had received a median of 8·5 doses (range 1-46) of nivolumab.
Baseline demographics and clinical characteristics are summarised in table 1. Most patients (54 of 78; 69·2%) were men, and two-thirds (52 of 78; 66·7%) had received two or more prior treatment regimens. Three patients had not received prior platinum-containing chemotherapy in any setting. PD-L1 expression could be quantified in 67 patients. Virtually all submitted samples were obtained before the screening period, with 45 biopsies obtained from a primary tumour site and 22 from a metastatic site. At least one Bellmunt risk factor (ECOG performance status >0, liver metastases, or haemoglobin <10 g/dL) was present in 51 (65·4%) of 78 patients.
A confirmed investigator-assessed objective response was achieved in 19 (24·4%) of 78 treated patients (95% CI 15·3-35·4), with five patients (6·4%) achieving a complete response and 14 (17·9%) a partial response (table 2). Of 74 evaluable patients, 19 (25·7%) experienced a complete or partial response, resulting in an ORR of 25·7% (95% CI 16·2-37·2). Change in tumour burden over time is shown in figure 2 for evaluable patients who had a target lesion at baseline and at least one on-treatment tumour assessment. Of 31 patients who continued nivolumab monotherapy beyond progression, nine were considered non-conventional benefiters (appendix, p4).
At the time of analysis, the median duration of response was 9·4 months (IQR 5·7-12·5) and the median time to response was 1·5 months (IQR 1·2-4·1). Of 19 responses, 12 had an ongoing response (11 who were still on nivolumab monotherapy), three patients switched to nivolumab plus ipilimumab combination therapy (one who subsequently died), two patients were continuing on nivolumab monotherapy despite no longer being in response, and two patients had died (figure 3).
Median OS was 9·7 months (95% CI 7·3-16·2; figure 4A ) and 46 of 78 (59·0%) patients had died at the time of data cutoff. One-year OS was 45·6% (95% CI 34·2-56·3). In an ad hoc sensitivity analysis of OS excluding patients who switched to combination therapy, the 1-year OS rate (95% CI) was 43·3% (30·6-55·3). Median PFS in the overall treated population was 2·8 months (95% CI 1·5-5·9; figure 4B ) and 1-year PFS was 20·8% (95% CI 12·3-30·9) at the time of analysis. Sixty (76·9%) of 78 patients had had disease progression or died.
An objective response was achieved in six (24·0%; 95% CI 9·4-45·1) of 25 patients with PD-L1 expression ≥1% (complete response in four patients [16·0%] and partial response in two [8·0%] patients), and in 11 (26·2%; 95% CI 13·9-42·0) of 42 patients with PD-L1 expression <1% (complete response in one patient [2·4%] and partial response in ten [23·8%] patients). Tumour reduction from baseline in target lesions is shown by PD-L1 expression in the appendix, p6-7.
Median OS was 16·2 months (95% CI 7·6-not estimable) in patients with PD-L1 expression ≥1% and 9·9 months (7·0-not estimable) in patients with PD-L1 expression <1% (appendix, p8). Median PFS was 5·5 months (95% CI 1·4-11·2) in patients with PD-L1 expression ≥1% and 2·8 months (1·4-6·5) in patients with PD-L1 expression <1% (appendix, p9). Similar results were seen in patients with ≥5% PD-L1 expression (appendix, p11).
In the post-hoc analysis of response by Bellmunt prognostic risk factors, 25 an objective response was achieved in 16 (27·6%) of 58 patients without liver metastases and in three (15·0%) of 20 patients with liver metastases. Absence of visceral involvement and lymph node-only involvement were associated with a higher ORR than those with visceral involvement or no lymph node-only involvement, while patients with haemoglobin levels <10 g/dL had a lower ORR than those with levels ≥10 g/dL (table 3) . Two (2·6%) of 78 patients discontinued treatment because of treatment-related adverse events (grade 4 pneumonitis and grade 4 thrombocytopenia). Both events were fatal and are described in greater detail within the appendix, p5. Other than disease progression and study drug toxicity as causes of death in patients receiving nivolumab monotherapy, the following additional deaths were reported: three (3·8%) due to unknown causes, and one (1·3%) due to sepsis that was not considered related to study drug. Adverse events leading to treatment discontinuation but not considered related to study drug were increased blood creatinine (grade 2), hepatitis C infection (grade 3), anaemia (grade 3), and urosepsis (grade 3). At least one dose delay was experienced by 28 (35·9%) of 78 patients; 52 doses were delayed from a total of 982 doses received (5·3%), and 34 of 52 doses (65·4%) were delayed due to adverse events.
Discussion
Nivolumab monotherapy is associated with a substantial and durable tumour response, promising survival, and acceptable safety in patients with locally advanced or metastatic urothelial carcinoma who were previously treated with platinum-based therapy. ORR is not dependent on tumour PD-L1 expression and is consistent across patient subgroups based on key prognostic factors.
Patients with metastatic urothelial carcinoma who have progressive or relapsed disease after platinum-based combination chemotherapy have a poor prognosis, with a median survival of approximately 6 months. 5 Multiple chemotherapies tested in the second-line setting have failed to demonstrate significant efficacy and have been associated with considerable toxicity. [25] [26] [27] More recently, immune checkpoint therapies have demonstrated significant clinical responses across multiple tumour types, including urothelial carcinoma. [11] [12] [13] [14] [15] [16] [17] [18] 28, 29 Here, we report an ORR of 24·4% (19 of 78 patients), median OS of 9·7 months, and a 1-year OS rate of 45·6% with the anti-PD-1 antibody nivolumab in patients with refractory metastatic urothelial carcinoma unselected for PD-L1. These results compare favourably with outcomes reported in a recent phase 2 clinical trial in urothelial carcinoma with the anti-PD-L1 antibody atezolizumab. 11 ORR in our study appeared consistent across different prognostic risk factor subgroups (limited by small sample size), and the ad hoc sensitivity analysis of OS excluding patients who switched to combination therapy found no adverse impact on the 1-year survival rate.
Nivolumab was also well tolerated in this population; the adverse event profile compares favourably with previously tested chemotherapies and no new safety signals were observed when compared with nivolumab studies across a wide range of tumour types. [12] [13] [14] [15] 17 In addition, in this cohort of patients who tend to have multiple comorbidities and impaired renal function, nivolumab therapy was tolerated over multiple doses, suggesting a manageable tolerability profile in the longer term. Two patients discontinued treatment (due to grade 4 pneumonitis and grade 4 thrombocytopenia). Both events were subsequently fatal and are described in the appendix, p5.
PD-L1 expression on tumour cells, as defined by the Dako immunohistochemical assay, did not correlate with objective responses; patients whose tumours were defined as having ≥1% of tumour cells expressing PD-L1 had an ORR similar to that in patients whose tumours had <1% of tumour cells expressing PD-L1. Patients whose tumours had ≥1% of tumour cells expressing PD-L1 had a median OS of 16·2 months, while those whose tumours had <1% of tumour cells expressing PD-L1 had a median OS of 9·9 months. Longer follow-up is required to clarify whether this translates into differences in long-term OS. Inter-tumour heterogeneity, both between primary and metastatic lesions and between different metastatic lesions, could have contributed to a false-negative PD-L1 result, although this is mitigated by the fact that any positive sample (not necessarily the sample collected most proximal to study drug treatment) would assign a patient as having positive PD-L1 expression. It will be important to determine whether the current data are reproducible in a larger cohort of patients, and further insights will be provided by an ongoing phase 2 study (CheckMate 275; ClinicalTrials.gov number NCT02387996). Given recent data suggesting the prognostic value of PD-L1 immune cell (but not PD-L1 tumour cell) expression as a biomarker of response to atezolizumab in patients with metastatic urothelial carcinoma, 11 further investigation of tumour response with nivolumab according to immune cell PD-L1 expression is warranted.
Limitations of the study include the lack of a standard "current practice" comparator due to the lack of effective treatments in this setting, the small sample size (resulting in low statistical power for subgroup analysis), and the relatively short follow-up period, precluding further insights into the impact of nivolumab on long-term survival. In addition, data on the efficacy and safety of treatment beyond progression, as well as protein expression scoring, were not available but are currently being analysed and will be reported at a later date.
In summary, nivolumab monotherapy led to substantial response rates and durable clinical responses in previously treated patients with locally advanced or metastatic urothelial carcinoma. Clinically meaningful antitumour activity was observed regardless of tumour PD-L1 expression. The safety profile of nivolumab monotherapy was generally manageable in these heavily pretreated patients and consistent with previous reports in other tumour types, suggesting a favourable benefit:risk profile for nivolumab in the treatment of metastatic urothelial carcinoma. These findings will be explored further in the ongoing CheckMate 275 study; initial data suggest that this immune checkpoint therapy has activity in a patient population with limited treatment options.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
Research in context
Evidence before this study
We searched PubMed using the search terms "metastatic urothelial carcinoma", "relapsed urothelial carcinoma", "clinical trials", "immune response", "immune checkpoint blockade", and "immunotherapy". The search included articles published between December 1994 and May 2014.
The search revealed poor outcomes for patients with recurrent or relapsed urothelial carcinoma, with few treatment options to improve survival. A handful of papers reported early studies investigating immunotherapy in advanced urothelial carcinoma, including BCG therapy. The immune system is an acknowledged target for treatment in urothelial carcinoma; immunotherapy with BCG is standard therapy for superficial urothelial carcinoma, reducing the risk of local recurrence by approximately 60% and leading to 5-year survival rates of approximately 90% in patients with unifocal disease. In addition, CD8 tumour-infiltrating lymphocytes (TILs) are predictive of survival in muscle-invasive urothelial carcinoma; patients with advanced urothelial cancer and higher numbers of CD8 TILs within the tumour (>8) appear to have better disease-free and overall survival than those with similar-staged urothelial carcinoma and fewer intra-tumoural CD8 TILs. Together with the recent promising anti-PD-L1 data reported in advanced urothelial carcinoma, these observations provide the rationale for further investigation of immune checkpoint blockade with the PD-1 inhibitor nivolumab for recurrent metastatic urothelial carcinoma.
Added value of this study
These are the largest efficacy and safety data sets for an anti-PD-1 immune checkpoint inhibitor in second-line (and beyond) urothelial carcinoma, a setting in which there are currently limited treatment options. The response rate, duration of responses, and overall survival observed are clinically meaningful and may signify greater clinical activity than other available options.
Implications of all the available evidence
Patients with recurrent metastatic urothelial carcinoma currently have poor clinical prospects due to the lack of effective treatments. A growing body of evidence suggests that immune checkpoint inhibition can offer effective treatment for patients with urothelial carcinoma, as in other tumour types. The results presented here support further development of PD-1 checkpoint inhibition in larger trials of this disease. *Eight patients not allocated to treatment due to withdrawal of consent (n=1), no longer meets study criteria (n=3), and not reported (n=4).
†Pneumonitis (n=1), thrombocytopenia (n=1). ‡Increased blood creatinine (n=1), hepatitis C infection (n=1), anaemia (n=1), and urosepsis (n=1). §Not including adverse events in patients who received combination therapies after switching. Responders were evaluable patients with complete or partial response as best overall response per RECIST version 1.1. Evaluable patients were those with a target lesion at baseline and at least one on-treatment tumour assessment. Time to and duration of response. Kaplan-Meier curves of overall survival (A) and progression-free survival (B). 
